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PreTOoling  Grapes  in.  Tunnel  Coolers 


The  renioTal  of  heat-  fmm  paeked  fruit  is  a  slow  process  even  under  th© 
best  of  tesaperatures  and.  air  velociti.es  owing  to  the  tightness  of  the  packagGo 
Fruit  and  TegetaTsle  @ontainers  ha^e  not  "been  designed  for  fast  ©oolingo  Pro-- 
yision  for  air  movement  tlirough  the  package  to  facilitate  cooling  has  heen  gi¥©s. 
ssec-ondary  consideratlai  <>    With  the  us"'ial  method  of  precool5jiig  packed  fraitg  tha.t 
of  circulating  aojld  air  1^  a  i-^frigerator  car  after  it  has  been  loaded,  the  time 
required  for  a  th©rsiugh  job  has  been  inereased  with  the  advent  of  the  c.rosswis© 
loado    About  ih  to  IS  hours  are  needed  to  cool  a  carload  of  grapes  fr©m  80®  I* » 
to  temperatures  of  to  to  U^®,  a  drop  of  35  to  hO  degrees  (UoSoDoAo  Technical 
Bulletin  B99)o    This  .amo^^nt.cf  ssoling  usually  ne<3es^3itates  holding  the  car  o'srer 
a  day  at  the  packi.ng  houseo    This  is  objected  t©  by  masy  shiiDpers  especially  when 
the  marj5St  is  declinlxigo    Precooling  in  rooms  pri©r  to  loading  is  being  used  but 
holding  oYer  night  is  still  required  to  reach  desirable  temperatures  of  kO  to 

The  only  sizable  opening  for  cold  air  to  enter  a  lug  of  grapes  is  the  space 
betweem  the  lid  an.d  the  sideso    This  is  usually  about  2  i.nc;hes  xfide  at  top  of  the 
bulge  but  it  is  partially  closed  by  a  cardboard  collaro     The  most  obvious  thing 
to  d©  to  iiiiproYe  cooling  is  to  remote  the  lid  and  expose  the  fruit  to  the  airo 
If  cooling  were  fast  enough^  grapes  might  be  precooled  in  the  unlidded  lugs  while 
being  ccnveyed  from  the  packer  to  the  lidding  machine o    After  some  preliminary 
trials  that  were,  encouraging^  a  model  tunnel  cooler  was  built  in  which  gra,pes 
were  csoled  in  an  houri/o    Air  was  directed  at  the  face  of  the  lug  at  a  velocity 
of  600  feet  per  minutSo    Fruit  and  air  temperatures  during  the  test  are  shorn  in 
figure  lo    These  studies  were  made  in  ISyS.    The  first  tunnel  cooler  for  grapes 
to  the  best  of  ©ur  knowledge  was  built  in  19^7°     It  was  d^^signed  to  cool  1^000 
lugs  of  grapes  in  one  hour  from  initial  temperatures  of  SO  to  85^       final  aYer= 
ages  of  liO  t©  h^®  Fo    A  diagramatic  drawing  of  the  tunnel „  figure  2^,  indicates 
the  method  of  cooling  the  fruits    The  timnel  is  long  enough  (approximately  200 
feet)  t®  hold  1^,000  lugSo    Fans  blow  air  fr@m  the  limiker  downward  at  the  grapes 
as  they  move  through  the  tisnmelo    Air  blast  temperatures  of  25®  to  30®  are  main™ 
tained  by  ammonia  coils  in  the  bunkers.    During  the  hour- s  cooling  the  fruit  ia 
the  t©p  of  the  lug  is  c@Q)led  to      temjjerature  only  a  degree  or  two  a-boife  the 
temperature  of  the  air  blast  whereas  tiia,t  in  the  bottom  of  the  liig  may  be  ^0®  %o 
50®  when  it  leaves  the  tunnel o    When  loaded  immediately  into  a  pre=ic©d  car  th© 
temperature  of  the  grapes  eq_ualizes  t@  k^®  or  less  witMn  a  few  bsurSo 

The  refrigeration  required  for  doing  this  much  ooollnj?^  in  an  hour  would 
be  prohibitive  unless  t.here  were  some  other  use  for  the  compressors  after  the 
prsc©oling  seasonc.    In  this  installation  they  are  used  for  coolin,g  storage  roo.u!is 
and  the  preco©ling  tunnel  beccmee  a  buaker  for  cooling  air  which  is  circulated 
t@  the  roomSo     Cooling  lj,000  ,lugs  of  grapes  kO  degrees  Fo  by  using  icfe  for 
refrigeration  has  required  about  ISgOOO  pounds  by  actual  testo    This  wou.Td  Tucm. 
6  tons  of  refrigeration  per  hour^  or  the  output  of  a  1^  ton  comprF^ssc'-or  for  th© 
csoling  accomplished  in  the  timnel.    Compressors  totaling  about  I75  t©ns  have 
been  installed  in  the  abc^^"  -"'  p"?ant  and  '-hev/  'a^e  been  adec;as.t"^  with  r^,"  :,>s -ity 
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Eai^ly  in  19^S  a  second  cQoling  tminel  was  built  for  grapes o    In  this  case 
there  is  no  need  for  storage  sin<?e  the  erop  is  all  har'^ested  for  the  early  market 
Ice  was  used  Instead  of  mechaiiieal  ref rigerat-iono    A  diagramatie  drawing  of  the 
tmne^l  is  shown  in  figora  3o    Grape were  eonve^red  through  it  at  k  leTels^  with 
lugs  placed  crosswise ^  3  rows  wid^o    The  timjiel  was  approximately  SO  feet  long 
and  held  JQO  lugs  which  were  co©lad  in  a  minimuQ  of  2  houz'So    'The  Ise  hiHiker  was 
2  1/2  feet  wide.g  6  feet  deep  and  extended  the  length  of  the  tunnel .     It  held 
33,000  pomids  of  i^sSo    Ten  20  inch  propeller  type  fans  were  installed  S  feet 
apart  ii*.  th©  himker  wallo    They  had  a  somhined  capacity  of  abc^ut  60„000  eof^mo 
^he  air  "blast  from  the  fans  gncompassed  the  top  2  layers  of  liogs  and  the  "bottom 
two  layers  were  c©oled  by  th©  air  as  it  returned  to  the  buiikero    A  baffle  was 
plaeed  between  the  saeond  and  third  layers  to  diTide  the  airstreajn  into  dis= 
(Charge  and  ret'^mi  and  prevent  the  air  by-passing  the  fruit* 

Two  tests  wer'S  made  in  Jrdy  when  mBxlwm  outside  temperat'ares  were  lOS® 
and  112®       respestiTelyo    pesirabl©  air  temperatures  of  29  t©  3^®  were  main= 
tained  by  re--ising  the  bunkers  e^ery  k  hours  and  using  5OO  to  1^000  pounds  of 
§alt  at  each  re-">ioingc.    This  ajn©^a:at  was  equimlent  to  lo5  '^'^  3  Percent  of  bunker 
©apajityo    lee  meltage  during  the  warmest  day  amoimted  to  ^^000  pounds  when 
2p600  lugs  were  c©oled,    Th©  lidding  r©©m  at  the  far  end  of  the  tunnel  and  th© 
leading  corridor  w@r-^  aim  supplied  with  cool  air  from  the  bmiksrs  thus  adding 
to  the  ic^e  needed  for  cooling.    The  r^-=off  from  th©  bmkers  was  checked  from 
time  t©  tima  and  it  was  eqiilTal^nt  t®  60  t©  JQ  potmds  of  i©e  per  minute  ^  or 
3nbOO  to  ^j,200  pounds  per  hour« 

The  grapes  were  e-ocled  20  to  yO  degrees  Jo  In  the  timnal  and  another  5  t^o 
10  degrees  after  they  were  loaded  in  the  e-ar»    Gar  fans  were  operated  in  premised 
sars  during  leading  and  also  after  loading  until  about  lOoOO  TM.  when  the  ©are 
were  released  for  shipment o    The  fruit  averaged  55^       less  when  it  was  shipped 
whieh  was  about  10  d©gr©ee  warmer  than  desired^  but  was  still  a  fairly  safe  tem^- 
p@ratureo    faster  e©oli-ng  could  be  obtained  in  the  t'onnel  if  air  were  directed 
at  the  fac@  of  sash, 

If  it  w^re  feasible  tc  sool  grapes  before  t-hey  are  packed  the  ,lob  sould  be 
d©n8  umch  quicker  tbaoi  in  an  mlidd'^'d  lug*     Individual  grapes  are  relatively  smal 
and  if  they  ©ould  be  reashad  by  cold  air^  they  would  eool  quioklvo    Some  tes=se 
were  made  with  Thompson  Saedlese  grapesj,  using  thermocouples  to  measure  the  teiii^- 
p^rature  of  individ-oal  bas^ries  in  the  topy  middle  ^^d  botteic,  of  b?^.ches  a-.?  the/ 
¥©r$  cooled  (Figo  k-)o    When  air  was  blown  asross  ths  bunches  as  they  rested  on  a 
flat„  solid  surfac©  eomparabl©  t©  a  belt  conveyerg  the  grapes  showed  a  dre>p  of 
35  degrees  from  82®  t©  kj^  "Fo  in.  EO  sdnu't-es  with  air  at  HC®  Fo    When  air  dire©= 
tion  was  changed  t@  a  d-^wjaward  blast  at  the  grapeSy  cooling  was  accelerated  and 
5  minutes  ef  c&oling  time  was  sayed.    Fast- est  cooling  v?a.3  obtained  by  d5  r-'-jt-ing- 
air  dowxiward  at  grapes  resting  @ri./l/2  incL  2>3sh  wire  screen  wb®^a  a  lQ>'@ring  c  *" 
approximately  kQ  degrees  was  obtained  in  11  lainutes.    Air  velocity  during  these 
tests  ranged  from  5^^^^  *®  IpOOO  feet  per  minutee 


The  main  reason  for  pre  cooling  grapes  OLuickly  is  to  keep  them  from  losing 
moisture  and  from  developing  decay.    Other  fruits  that  soften  and  heeome  oTer=- 
ripe  in  transit  j,  such  as  pears,  apples^  peaches,  and  plumSj,  would  show  additional 
"benefits  from  quick  coQliiig  'by  ehecking  the  ripening  processo 

A  carload  of  grapes ^  stacked       a  precooling  room  or  refrigerator  ear,  re= 
quires  1^  to  IS  hours  for  precoolingo    When  cold  air  is  blown  downward  at  grapes 
in  unlidded  lugs  the  job  can  be  done  in  an  ho'cix  or  twoo    When  individual  bunches 
were  exposed  experimentally  to  cold  air  of  high  velocity,  adequate  cooling  was 
accomplished  in  I5  minuteSo 


FIOo  1    COOLING  RA.TES  OF  GRAPES  IN  ITNLIDIDID  LUG 
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